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[57] ABSTRACT 
An alignment key (10) in a semiconductor substrate (40) 
is fabricated to display high optical contrast, and to 
prevent the diffusion of ionic contaminants through the 
alignment key (10) and into underlying portions of the 
semiconductor substrate (40). The alignment key (10) 
de?nes an enclosed structure formed by ?rst and second 
metal layers (14, 20) which are electrically coupled by a 
?lled via (22). A dielectric layer (42) is disposed be 
tween the metal layers (14, 20). A passivation layer (16) 
overlies an edge portion of the upper metal layer (14), 
however, the central portion of the upper metal layer 
(14) is bare. Slots (11, 12) in the upper metal layer (14) 
expose a portion of the lower layer (20) through the 
dielectric material (42). A high contrast scan signal (24) 
is generated as a continuous-wave laser beam traverses 
across the upper metal layer (14) and the slots (11,12). 
The scan signal is analyzed by a computer algorithm to 
determine the vertical and horizontal position of a semi 
conductor substrate (40) having multiple alignment 
keys (10) of the invention. 

10 Claims, 3 Drawing Sheets 

12 



US. Patent May 10, 1994 Sheet 1 of 3 5,311,061 

_IV4_ 

2 6 2 l 
1 f 

/ 

/ 

///////////7///7////////////// / 

///////////////////////// w/ 
12\ //////////////////////// 

/7/////////////////////////j//// 

FIG; 1 

FL 

[26 

f 28 

A 

REFLECTED 
SIGNAL 

INTENSITY 

SCAN DISTANCE 

FIG.2 



US. Patent May 10, 1994 Sheet 2 of 3 5,311,061 

1 
ON ~ (v00) )0 
T T 

||||||H HHHIHHHHH 

FUSE- SETS</ 36 

r36 llllllllIIIIIIIlllllllllllHlllHl 

FlGé’ 



US. Patent May 10, 1994 Sheet 3 of 3 5,311,061 

1 mm 
| 

10 7/18 
11 12 ‘ 

i 1 4'4/ 14 4'4/ 1-6 

'\./ la 
|% lg 

Iii 
IR I: 

la 

l8 
‘ A 

vFIG. 4:4 
1 1 

1O ) 
15 22 
/ 1 
/V////////////// 

\ \\\\\\\\\\1\ la: la 

F1625 



5,311,061 
1 

ALIGNMENT KEY FOR A SEMICONDUCTOR 
DEVICE HAVING A SEAL AGAINST IONIC 

CONTAMINATION 

FIELD OF THE INVENTION 

is invention relates in general to semiconductor de 
vices, and more particularly to optical alignment keys 
used for aligning a semiconductor substrate. 

BACKGROUND OF THE INVENTION 

As semiconductor technology advances, more and 
more device components are' being placed on a single 
semiconductor die. This phenomenon is especially ap 
parent in the area of memory device fabrication. A 
typical VLSI memory device contains many thousands, 
and even millions of transistors for the storage of infor 
mation. The increased complexity of semiconductor 
memory devices has resulted in a corresponding in 
crease in the size of each semiconductor die, and in the 
cost for fabricating the die. The increased cost arises, in 
part, from the need to reduce the number of defects in 
each semiconductor die. In view of the high fabrication 
costs, a semiconductor manufacturer must obtain maxi 
mum yield of semiconductor memory devices, and must 
obtain maximum yield at an early point in the product 
life cycle of any particular semiconductor product. 

Because of the need to obtain optimum yield, mem 
ory designers have for a number of years included re 
dundant circuitry within the memory array of the de 
vices. The redundant circuitry can be activated to com 
pensate for primary circuits, which are non-functional 
because of processing defeats. The redundant circuitry 
is activated by selectively destroying fusible links at 
predetermined locations in the device circuitry. The 
process of de-selecting damaged portions of the mem 
ory circuit and activating undamaged portions by de 
stroying selective fusible links is known as laser repair. 
An optical alignment system is used to position the 
semiconductor die to be repaired at a speci?c location 
where a laser beam can be trained on a predetermined 
fusible link. The optical alignment system has the capa 
bility of recognizing certain highly reflective features, 
such as alignment keys, on a wafer with high accuracy. 
Once a wafer is placed on the alignment system, the 
alignment keys are used by the optical system to align 
the wafer stage to the laser beam. The alignment keys 
are placed at strategic locations on the wafer and in the 
die area such that proper alignment of the laser to the 
fusible links can be obtained. The alignment keys must 
be positioned such that the wafer can be aligned in both 
the vertical and horizontal directions. In addition, be 
cause semiconductor wafers have a circular geometry, a 
rotational correction must also be made as the stage 
moves to various locations on a wafer. 
An alignment key is typically two strips of metal laid 

out perpendicular to each other in either an “L” shape, 
or a disjointed “T” shape. In operation, the laser repair 
tool scans a continuous wave laser beam across the 
alignment keys, integrating the photo-re?ective re 
sponse to determine as precisely as possible the exact 
location of the keys. Once the key locations are known, 
the fuse locations are known. After the laser repair tool 
aligns itself to the die, it steps to the appropriate fusible 
links on that die and cuts them with an intense laser 
pulse. If the laser repair tool fails to align itself to the 
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2 
die, the die is not repaired, and the entire device will 
remain nonfunctional. 

Because of the high cost associated with memory 
device fabrication, it is important that a repairable die 
not be lost as a result of failure to properly align the 
laser repair tool to the repairable die. To enable precise 
alignment of the die to the laser repair tool, the align 
ment key must be highly re?ective and must be readily 
identi?able by the optical alignment system. To be 
readily identi?able, the optical system must be able to 
precisely detect the edges of the metal strips in the 
alignment key. High re?ectivity and precise edge detec 
tion are most readily obtained by a large alignment key 
having metal edges which are free from any overlying 
passivation layers. 
As memory device manufacturing costs rise, it be 

comes less economically feasible to devote a large die 
area to the fabrication of alignment keys. Further, while 
providing a highly re?ective surface, removing the 
passivation layers to expose bare metal edges in an 
alignment key, can provide a location where ionic con 
taminates can diffuse into underlying circuit compo 
nents, and cause device failure. Accordingly, the align 
ment keys of the prior art suffer from either poor re?ec 
tivity leading to die alignment failure, or provide a 
conduit for ionic contaminates to diffuse into the inte 
grated circuit. 

SUMMARY OF THE INVENTION 

In practicing the present invention there is provided 
a high precision laser alignment key for aligning a semi 
conductor die to a laser repair tool. The alignment key 
of the invention provides clearly de?ned edges for pre 
cise edge detection by an optical alignment system. 
Additionally, the alignment key of the invention pro 
vides an ion trap which prevents ionic contamination 
from diffusing away from the alignment key and into 
adjacent circuit components. The compact and versatile 
design of the alignment key enables the alignment key 
to be placed in a variety of locations in an integrated 
circuit device, and to be integrated with existing metal 
bus lines. In one embodiment of the invention, a ?rst 
metallic region overlies a semiconductor substrate. A 
?rst dielectric layer overlies the ?rst metallic region. A 
?lled via is disposed in the dielectric layer at the perime 
ter of the ?rst metallic region. A second metallic region 
overlies the dielectric layer, the second metallic region 
has an opening positioned within the perimeter of the 
?rst metallic region and is electrically coupled to the 
?rst metallic region by the ?lled via. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates, in plan view, an alignment key in 
accordance with the invention; 
FIG. 2 is a plot of a scan signal generated by an opti 

cal scanning system applying a laser beam to one slot of 
the alignment key shown in FIG. 1; 
FIG. 3 illustrates, in plan view, a semiconductor die 

having alignment keys of the invention positioned at 
predetermined locations on a semiconductor die‘; 
FIGS. 4-1 through 4-4 illustrate, in cross-section, 

process steps used to fabricate the alignment key of the 
invention; and 
FIG. 5 illustrates, in plan view, the alignment key of 

the invention integrated with a metal bus line. 
It will be appreciated that for simplicity and clarity of 

illustration elements shown in the FIGURES have not 
necessarily been drawn to scale. For example, the di 
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mensions of some of the elements are exaggerated rela 
tive to each other for clarity. Further, where consid 
ered appropriate, reference numerals have been re 
peated among the FIGURES to indicate corresponding 
elements. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1, illustrates, in plan view, an alignment key 10 
formed in accordance with the invention. Alignment 
key 10 includes perpendicularly arranged slots 1 1 and 
12 residing in a metal layer 14. A passivation layer 16 
overlies an edge portion of metal layer 14 and has a 
rectangular opening 18. Opening 18 exposes an interior 
portion of metal layer 14. Perpendicular slots 11 and 12 
expose portions of an underlying metal layer 20, and a 
filled via 22 is disposed at the perimeter of the underly 
ing metal layer 20. Filled via 22 electrically couples 
metal layer 14 to metal layer 20. Alignment key 10 
provides a structure that can be used to position a semi 
conductor die in a vertical direction (Y) and a horizon 
tal direction (X). For example, the wafer is positioned in 
the X direction by scanning a laser beam across slot 11 
in the horizontal direction. correspondingly, the wafer 
is positioned in the vertical direction by scanning a laser 
beam across slot 12. By comparing two or more such 
alignment keys disposed at various locations on a semi 
conductor wafer, the rotational orientation 0 can be 
determined with respect to a reference axis. Alignment 
key 10 is a self contained alignment structure that can be 
fully integrated into a conventional semiconductor fab 
rication process which uses two or more layers of metal. 
Additionally, as will subsequently be described, the 
alignment key of the invention provides high precision 
die alignment capability, while minimizing ionic con 
tamination from the external environment. 
A representative scan signal 24 is illustrated in the 

plot of FIG. 2. The scan signal given as the amplitude of 
re?ected laser light as a function of scan distance across 
one direction of alignment key 10. Those skilled in the 
art will recognize that the scan signal illustrated in FIG. 
2 could be produced by scanning in either the X or Y 
direction across alignment key 10. For purposes of dis 
cussion, the scan signal illustrated in FIG. 2 will be 
described with reference to slot 11 of alignment key 10. 
Sean signal 24 can be generated by a laser operating in 
the visible or infrared ranges of the electromagnetic 
spectrum. Commonly used lasers which can be used 
with the present invention are a Nd:YAG laser operat 
ing at a wavelength of either 532 nm or 1064 nm, or a 
solid-state pumped laser operating at 1047 nm, or the 
like. As the laser beam tracks across alignment key 10 
from left to right, an initial high intensity re?ected sig 
nal is obtained. The high intensity re?ected signal origi 
nates from laser light re?ected from the surface of metal 
layer 14. As the laser beam approaches the left side of 
slot 11, an in?ection point 26 is encountered and the 
re?ected signal intensity drops to a minimum in?ection 
point A. Subsequently, as the scan continues, the signal 
increases to a second in?ection point 28. The re?ected 
signal intensity at in?ection point 28 is substantially less 
than the re?ected signal intensity at in?ection point 26. 
The difference in the intensity of re?ected light at 
points 26 and 28 is related to the beam path difference 
between light re?ected from metal layer 14 and light 
re?ected from metal layer 20. In addition, the difference 
in re?ected signal intensity results from light absorption 
by a dielectric layer overlying metal layer 20 (not 
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4 
shown in FIG. 1). As the laser beam continues to tra 
verse slot 11, in?ection points 30 and 32 are encoun 
tered. 
The exact location of slot 11 in the horizontal direc 

tion can be speci?ed by a computer program which 
analyzes scan signal 24 and determines the locations of 
the edges of slot 11 in regions A and B of scan Signal 24. 
Once the location of slot 11 has been determined in the 
horizontal direction, the scanning procedure can be 
repeated in the vertical direction and the location of slot 
12 determined by an analogous scanning procedure. 
Alignment key 10 can be used to position a semicon 

ductor die 34 in the horizontal, vertical, and rotational 
directions by placing three or more alignment keys at 
selective locations on semiconductor die 34. As illus 
trated in FIG. 3, alignment keys 10 have been posi 
tioned near the corners of semiconductor die 34. The 
selective positioning of alignment keys l0 enables the 
precise alignment of semiconductor die 34 prior to the 
application of a laser discharge on fuse sets 36. Target 
ing a laser beam on fuse sets 36 selectively disables 
defective portions of, for example, a memory array in 
semiconductor die 34. 
The structural detail of alignment key 10 giving rise 

to scan signal 24 in FIG. 2, can be better understood 
following a description of the subsequent process steps 
used in the fabrication of alignment key 10. Accord 
ingly, the fabrication of alignment key 10 is illustrated in 
the subsequent process steps shown in FIGS. 4-1 
through 4-4. FIGS. 4-1 through 4-4 illustrate, in cross 
section, a portion of alignment key 10 taken along line 
4-4 of FIG. 1. 
Shown in FIG. 4-1, in cross section, is a portion of a 

semiconductor substrate 40 having already undergone 
several process steps in accordance with the invention. 
A metal layer 20 overlies the surface of substrate 40, and 
a dielectric layer 42 overlies metal layer 20 and portions 
of the surface of semiconductor substrate 40. Metal 
layer 20 is preferably formed by depositing a blanket 
layer of metal onto the surface of substrate 40, followed 
by photolithographic patterning and etching the metal 
layer. The etching process removes portions of the 
deposited metal layer which are exposed by the photo 
lithographic pattern. Metal layer 20 can be etched in a 
wet metal etching solution, or in a dry plasma etching 
system. 

In one aspect, the invention is intended to be fully 
integrated into a conventional double level metal pro 
cess. Typically, the metal used to form metal layer 20 is 
an aluminum alloy with a small amount of silicon or 
copper, or both. Alternatively, metal layer 20 can be a 
another re?ective metal such as copper, titanium, tung 
sten, and the like. Most commonly, aluminum is depos 
ited by reactive sputter deposition, however, other pro 
cesses can be used such as chemical vapor deposition. 
Dielectric layer 42 is a conventional interlevel dielectric 
material such as silicon oxide, silicon nitride, or a doped 
glass layer such as phosphorus silicate glass, boron sili 
cate glass, and the like. Following deposition of dielec 
tric layer 42, a planarization process is performed to 
provide a smooth surface. 
Those skilled in the art will appreciate that, although 

detailed structure is not shown in FIG. 4-1, a metalliza' 
tion process, such as that forming metal layer 20, is 
typically not performed until after many components of 
an IC device have been formed on substrate 40. Ac 
cordingly, although not shown in FIGS. 4-1 through 
4-4, it is intended that substrate 40 include all such com 
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ponents that are typically fabricated in an integrated 
circuit manufacturing process prior to the formation of 
the ?rst metal layer. 

After dielectric layer 42 has been deposited and 
planarized, ?lled via 22 is formed as illustrated in FIG. 
4'2. Filled via 22 is preferably formed by de?ning a 
photolithographic pattern on dielectric layer 42, fol 
lowed by reactive ion etching to form openings which 
expose a peripheral portion of metal layer 20. Once the 
openings have been formed, a metal is preferably depos 
ited onto the surface of dielectric layer 42 and ?lls the 
openings in dielectric layer 42. The metal is then etched 
back such that a continuous. planar surface region is 
formed, as shown in FIG. 4-2. The metal used to form 
?lled via 22 is preferably tungsten deposited by chemi 
cal vapor deposition, or reactive sputtering. Alterna 
tively, the ?lling metal can be titanium, aluminum, sili 
con aluminum, copper silicon aluminum, and copper, 
and the like. It is important that the ?lling metal form an 
electrical contact to metal layer 20, therefore, pre-metal 
cleaning steps are performed as necessary to remove 
any non-electrically conductive material from the ex 
posed surface regions of metal layer 20. Those skilled in 
the art will recognize that the process which forms 
?lled via 22 is a conventional via formation process 
typically used to electrically connect two or more over 
lying metal layers. 
The process continues with the formation of metal 

layer 14 as illustrated in FIG. 4-3. Following deposition, 
metal layer 14 is patterned to create slots 11 and 12, 
which are positioned over the central portion of metal 
layer 20. Preferably, metal layer 14 is fabricated from a 
similar metal and by a similar process as metal layer 20. 
In the selection of metals for metal layers 20 and 14 an 
important consideration is the refractive index of the 
particular metals which are selected. It is important that 
the refractive index of metal layers 14 and 20 be such 
that a re?ective intensity signal similar to scan signal 24, 
shown in FIG. 2, can be obtained upon scanning a laser 
beam over slot 11 or 12. Although the relative refrac 
tive index of metal layers 14 and 20 is important, the 
necessary refractive indices are readily obtained and by 
metals used in a conventional double-level metal pro 
cess. Typically, metal layers 14 and 20 are formed with 
metal have the same composition. However, different 
materials can be used for the formation of metal layers 
14 and 20, so long as the relative refractive index re 
quirement is met. 
As shown in FIG. 4-3, portions of metal layer 14 

overlie ?lled via 22. To ensure the formation of a good 
metallurgical contact between metal layer 14 and ?lled 
via 22, any non-electrically conductive material is re 
moved from the surface of ?lled via 22 prior to the 
formation of metal layer 14. After metal layer 14 is 
deposited and patterned, a passivation layer 44 is depos 
ited to overlie metal layer 14 and dielectric layer 42. 
Passivation layer 44 is preferably any conventional 
passivation material commonly used in an integrated 
circuit process to protect the second metal layer. Pas 
sivation layer 44 can be silicon nitride deposited by a 
plasma enhanced chemical vapor deposition process, or 
alternatively, a silicon oxide material which can be dealt 
with either phosphorous, boron, or both. 

After passivation layer 44 is deposited, photolitho 
graphic and ion etching steps are carried out to form an 
opening 18, as illustrated in FIG. 44. Following the 
etching process, the portions of passivation layer 44 
overlying portions of metal layer 14 form passivation 
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6 
layer 16 as shown in FIGS. 1 and 4-4. Also, portions of 
passivation layer 44 remain and ?ll slots 11 and 12. The 
surface regions of metal layer 14, exposed through 
opening 18, provide a highly re?ective surface for laser 
scanning. 
The alignment key of the invention advantageously 

provides a compact, self-contained alignment key, ex 
hibiting clearly de?ned edges having high optical con 
trast. The optical contrast enables high precision edge 
detection by conventional laser-optical equipment. Ad 
ditionally, ionic contamination, impinging on the outer 
surfaces of alignment key 10, is prevented from diffus 
ing into the underlying integrated circuit device re 
gions. Filled via 22, disposed between metal layers 14 
and 20, forms a ion trapping structure which prevents 
ionic contaminates from diffusing through alignment 
key 10 and into underlying IC components. The ability 
of the alignment key of the invention to trap ionic con 
tamination relieves the necessity of fabricating addi 
tional, guard ring structures or other ion trapping de 
vices in areas of the integrated circuit device adjacent to 
alignment key 10. The self contained ionic trapping 
feature of the invention enables the fabrication of high 
density devices without an accompanying need to de 
vote large amounts of surface area for the fabrication of 
ion barriers, such as guard rings, and the like. 
The compact and versatile nature of the alignment 

key of the invention allows the alignment key to be 
located in a variety of places in an integrated circuit 
device. One embodiment of the invention illustrating 
the versatility of the alignment key is shown in FIG. 5. 
Shown in FIG. 5, in plan view, is a portion of a metal 
bus line 46 which is integrated with alignment key 10. In 
the embodiment of the invention illustrated in FIG. 5, 
bus line 46 provides the same function as metal layer 20 
illustrated in FIGS. 1, and in FIGS. 4-1 through 4-4. An 
ionic contamination trap is formed by ?lled via 22 
which contacts metal bus line 46 and extends upward 
and contacts metal layer 14. Typically, metal bus lines 
are fabricated having a narrow width. Accordingly, 
alignment key 10, as integrated with a metal bus line, 
can be formed having a single slot oriented parallel .to 
the underlying metal bus line. Wafer alignment in the 
horizontal direction can be provided by an additional 
alignment key formed in a bus line which is orthogo 
nally oriented to bus line 46. 
Those skilled in the art will appreciate that the inte 

gration of alignment key 10 with metal bus lines overly 
ing the integrated circuit further reduces the amount of 
surface area required to provide the alignment keys. By 
integrating the alignment keys with existing bus lines, 
improved circuit layout patterns can be implemented. 
Improved circuit layout is possible because the circuit 
design is not required to allow designated sections of 
the circuit for the formation of independent alignment 
keys. 
Thus it is apparent that there has been provided, in 

accordance with the invention, an alignment key for a 
semiconductor device which fully meets the advantages 
set forth above. Although the invention has been de 
scribed and illustrated with reference to speci?c illus 
trative embodiments thereof, it is not intended that the 
invention be limited to those illustrative embodiments. 
Those skilled in the art will recognize that variations 
and modi?cations can be made without departing from 
the spirit of the invention. For example, the slots in the 
alignment key can have a substantially different geo» 
metric pattern than that shown in the ?gures. It is there 
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fore intended to include within the invention all such 
variations and modi?cations as fall within the scope of 
the appended claims and equivalents thereof. 

I claim: 
1. An alignment key for a semiconductor device com 

prising: 
a ?rst metallic region overlying a semiconductor 

substrate, the ?rst metallic region having a plural 
ity of parallel sides forming a perimeter; 

a ?rst dielectric layer overlying the ?rst metallic 
region; 

a ?lled via in the dielectric layer disposed continu 
ously about the perimeter of the ?rst metallic re 
gion; and 

a second metallic region overlying the dielectric 
layer, the second metallic region having an open 
ing positioned within the perimeter of the ?rst 
metallic region, and wherein the second metallic 
region is electrically coupled to the ?rst metallic 
region through the ?lled via. 

2. The alignment key of claim 1 further comprising a 
second dielectric layer overlying an edge portion of the 
second metallic region. 

3. The alignment key of claim 1 wherein the opening 
is elongated in a predetermined direction parallel to one 
of the parallel sides. 

4. The alignment key of claim 3 further comprising a 
second elongated opening in the second metallic region, 
wherein the elongated direction of the second opening 
is perpendicular to the elongated direction of the ?rst 
opening. 

5. The alignment key of claim 1, wherein the ?lled via 
comprises a metal selected from the group consisting of 
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8 
tungsten, titanium, aluminum, silicon aluminum, copper 
silicon aluminum, and copper disposed within an Open 
ing in the ?rst dielectric layer. 

6. The alignment key of claim 1, wherein the ?rst and 
second metallic regions comprise a metal selected from 
the groups consisting of aluminum, silicon aluminum, 
copper silicon aluminum, and copper. 

7. The alignment key of claim 1, wherein the ?rst and 
second dielectric layers comprise a dielectric material 
selected from the group consisting of silicon oxide, 
silicon nitride, phosphorus silicon oxide, boron silicon 
oxide, and boron phosphorous silicon oxide. 

8. An alignment key for a semiconductor device com 
prising: 

a metal bus line overlying a semiconductor substrate; 
a ?rst dielectric layer overlying the metal bus line; 
a metal layer overlying the dielectric layer, the metal 

layer having a perimeter and an opening within the 
perimeter exposing a portion of the metal bus line 
through the dielectric layer; and 

a ?lled via disposed continuously about the perimeter 
of the metal layer in the dielectric layer electrically 
coupling the metal layer to the metal bus line, 

9. The alignment key of claim 8, wherein the metal 
layer has ?rst and second sides and a wall surface cou 
pling the ?rst and second sides de?ning an opening 
therethrough, and wherein the wall surface is within the 
perimeter and is elongated in a direction parallel with 
the metal bus line. 

10. The alignment key of claim 8 further comprising 
a second dielectric layer overlying an edge portion of 
the metal layer. 

* $ t I‘! it 


